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1 Introduction
Strong magnetics fields of magnitudes about 1015 to 1019 G are suppose to exists on
the surface of pulsars. So, it is of interest to study the properties of nuclear matter
in the presence of magnetic fields. In this work we study the influence of a strong
magnetic field on the composition of nuclear matter at T = 0 including the anomalous
magnetic moment (AMM) of baryons. We use a relativistic mean field (MF) theory
of nuclear matter which describes correctly the nuclear ground state properties and
elastic scattering of nucleons. The Lagrangian that describes this model, with an
uniform magnetic field B along the z axis, is given by [1]
L =
∑
b
ψb
[
iγµD
µ −mb − gσbσ − gωbγµωµ − 1
2
gρbγµτ · ρµ − 1
2
kb σµνF
µν
]
ψb
+
1
2
∂µσ∂
µσ − 1
2
m2σσ
2 − U(σ)− 1
4
ωµνω
µν +
1
2
m2ωωµω
µ − 1
4
ρµνρ
µν
−1
2
m2ρρµ · ρµ +
∑
l=e,µ
ψl(iγµ∂
µ −ml)ψl − 1
4
FµνF
µν , (1)
where D = ∂ + ieAµ, were A0 = 0, ~A = (0, xB, 0), ψb is the Dirac spinor for
the baryon octet {n, p,Λ,Σ,Ξ} with masses mb, {σ, ω, ρ} are the meson fields and
{mσ,mω,mρ} their masses. The summation includes the free Lagrangian of baryons,
mesons and leptons and the interaction terms between baryons and mesons. The
scalar self-interaction potential U(σ) is
U(σ) =
1
3
bmN(gσNσ)
3 +
1
4
c(gσNσ)
4, (2)
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Fµν is the electromagnetic tensor, κb = (µb/µN − qbmp/mb) µN is the anomalous mag-
netic moment of baryon b, µN = eh¯/(2mp) = 3.15 × 10−18 MeV G−1 is the nuclear
magneton and σµν =
i
2
[γµ, γν ].
The Euler-Lagrange equations for the meson fields, written in the mean field
approximations for infinite nuclear matter reads [2]
ω0 =
(
gωN
mω
)2∑
b
χωbρb, (3)
ρ03 =
(
gρN
mρ
)2∑
b
χρbI3bρb, (4)
m∗N = mN + bmN
(
gσN
mσ
)2
(mN −m∗N)2 + c(mN −m∗N)3 − ns, (5)
where ρb is the number density of baryon b (defined below), I3b is the 3th-component
of the isospin, χσb =
gσb
gσN
, χωb =
gωb
gωN
, χρb =
gρb
gρN
, m∗N = mN − gσNσ, ns = nq=0s + nq 6=0s
is the scalar density, with
nq 6=0s =
B
2pi2
∑
b
q 6=0
|qb|m∗b
1∑
s=−1
νmb,s∑
ν=0
√
m∗2b + 2ν|qb|B + sκbB√
m∗2b + 2ν|qb|B
×
ln
∣∣∣∣∣ µ∗b + kFb,ν,s√m∗2b + 2ν|qb|B + sκbB
∣∣∣∣∣ , (6)
nq=0s =
1
4pi2
∑
b
q=0
m∗b
∑
s=−1,1
[
kFb,sµ
∗
b − (m∗b + sκbB)2 ln
∣∣∣∣∣ µ∗b + kFb,sm∗b + sκbB
∣∣∣∣∣
]
, (7)
and
(
kFb,ν,s
)2
= µ∗2b −
(√
m∗2b + 2ν|qb|B + sκbB
)2
(q 6= 0), (8)(
kFb,s
)2
= µ∗2b − (m∗b + sκbB)2 (q = 0), (9)(
kFl,ν
)2
= µ2l −m2l + 2ν|ql|B, (10)
where m∗b = mb−χσbgσNσ. |qb| and µ∗b are the electrical charge and effective chemical
potential for barion b, kF is the Fermi momentum and ν is the Landau principal
quantum number, which can take all possible positive integer values including zero.
Analogous definitions holds for leptons. Baryon chemical potentials are given by
µb = χωbgωNω0 + χρbgρNI3bρ03 + µ
∗
b .
2
The baryon and lepton densities are given by the expressions
ρq 6=0b =
|qb|B
2pi2
1∑
s=−1
νmb,s∑
ν=0
kFb,ν,s, (11)
ρq=0b =
1
2pi2
1∑
s=−1
{
1
3
(
kFb,s
)3
+
1
2
sκbB
[
(m∗b + sκbB) k
F
b,s
+µ∗b
2
(
arcsin
(
m∗b + sκbB
µ∗b
)
− pi
2
)]}
, (12)
ρl =
|ql|B
2pi2
νml∑
ν=0
kFl,ν . (13)
The maximum value for the Landau quantum numbers, νmb,s and ν
m
l , are defined
by the conditions
(
kFb,νmb,s,s
)2
= 0 and
(
kFl,νml
)2
= 0, thus we have
νmb,s = int
[
(µ∗b − skbB)2 −m∗2b
2|qb|B
]
and νml = int
[
µ2l −m2l
2|ql|B
]
. (14)
In the β-equilibrium, it is possible to write any chemical potential as a linear combi-
nation of two of them, for example µn and µe, as µi = q
(i)
b µn + q
(i)µe, with q
(i)
b and
q(i) being the baryonic and electric charge of the ith particle. These two independent
chemical potentials are the Lagrange multipliers associated with the conservation of
baryon number and electric charge, respectively∑
b
ρb = ρ,
∑
b
qbρb −
∑
l
ρl = 0 (15)
2 Results
We obtained the relative population of each specie of particle as a function of the
baryon density. We used the coupling constants given by Set 2 of Ref.[3] and a
strong magnetic field of 3.3× 1019 G for illustration. The upper panel of Fig 1 shows
the results for the relative population of particles without taking into account the
anomalous magnetic moments. The relative population of particles with anomalous
magnetic moments are showed in lower panel of the same Figure. It can be seen
that the incorporation of the anomalous magnetic moment increases the strangeness
content of matter at medium and high densities. Besides, the proton and electron
fraction increases. This effect is important for neutrino emissivity by direct Urca
process, having an impact on the cooling of neutron stars.
3
Figure 1: Particle fractions in cold neutron star matter in β-equilibrium without
and with anomalous magnetic moment of baryons included (upper and lower panels
respectively.)
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